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Abstract

Pollen morphometrics for Sarracenia alara, S. flava, S. minor. S. purpurea and S. rubra were
determined in an effort o utilize polar and equatorial dimensions to help determine species rela-
tionships. Although Sarracenia flava was found to be distinct from the other species, which in
themselves form a distinct group, this study found that pollen morphometrics do not allow
greater distinction between species. Therefore, pollen measurements are not valid in determin-
ing phylogenetic relationships for the genus.

Introduction

Phylogenetic relationships of the carnivorous plant family Sarraceniaceae have been exam-
ined based upon floral morphology and embryology (DeBuhr 1975). palynology (Thanikaimoni
& Vasanthy 1972), and more recently upon nuclear ribosomal DNA (Bayer er al. 1996). A sister
group relationship of Roridula and Sarraceniaceae is supported by both morphological data
(Conran & Dowd 1993) as well as genetic analysis (Bayer er al. 1996: Chase er al. 1993).

Within the family Sarraceniaceae, the genus Sarracenia comprises approximately eight rec-
ognized species (8. alata, S. flava. S. lencophylla, S. minor., S. oreophila, S. psittacina, S. pur-
purea, S. rubra) and two to three subspecies (S. purpurea subsp. venosa var. burkii=S. rosea, S.
rubra subsp. alabamensis, S. rubra subsp. jonesii) considered by some to deserve species rank-
ing. The extent to which the species are able to hybridize creates problems in the taxonomy at
the species level. Because all the species can hybridize with each other and produce fertile off-
spring, taxonomists are unable to use degrees of infertility as a means for indicating degrees ot
relationship. Adding more complexity to the resolution of taxonomic relationships, different
species clades are constructed depending upon whether plasid DNA (Freudenstein & Case
2002) or nuclear DNA (ISSR, i.e.. inter-simple sequence repeat, amplification reactions) is uti-
lized (Freudenstein er al. 2004). Interspecific hybridization, particularly introgression (Bayer ef
al. 1996), small population sizes prone to inbreeding and genetic drift (Wang et al. 2004), and a
relatively genetically depauperate genus due to discontinuous distributions (Godt & Hamrick
1996) have all been postulated as explanations for the difficulty in deducing species relationships
based upon DNA evidence.

Reliance upon plant life history. specifically seed traits, suggests characters such as germi-
nation and seed size are related more to geography than to phylogeny, although intraspecific
groupings of populations of S. purpurea based on isozyme analysis (Godt & Hamrick 1996) are
supported by germination studies (Ellison 2001). Morphology of leaves and flowers, the princi-
pal basis for current taxonomy, is also disputed as the best means for species identification and
taxonomic relationships (Case & Case 1976; McDaniel 1971 Schnell & Krider 1976; Sheridan
1991).
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Even though relied upon as the current means for species identification and taxonomy, the
morphology of pitcher plant leaves and flowers has resulted in diftering perspectives as to spe-
cific and infraspecific delineations and classifications within the genus (Case & Case 1976;
McDaniel 1971; Schnell & Krider 1976; Sheridan 1991). For example, S. rubra subsp. jonesii
has been variously classified as a distinct species or as a form or regional variant of S. rubra,
attesting to the variability of leaf and flower morphology.

Established early in meiosis, species-specific pollen wall patterns can be used for taxonomic
classification (Edlund et al. 2004). Pollen development in Sarracenia was studied as early as
1908 (Nichols 1908). Thanikaimoni & Vasanthy (1972) utilized palynology to distinguish
between the genera in Sarracenmaceae and formulate a tentative phylogeny with other families
but no attempt was made to identify species relationships within the family. It has been recog-
nized that female reproductive tissues such as the stigma are able to discriminate between pollen
grains, recognizing pollen from the same species while rejecting pollen from unrelated species
(or from the same plant in self-incompatible species) (Edlund ez al. 2004). Because of this, the
present study was undertaken in the hope that morphometrics (the extraction of measurements
from shapes) of pollen, can be utilized to help ascertain species relationships within the genus
Sarracenia.

Materials and Methods

Mature pollen was collected from blooming plants maintained in one of the author’s bog gar-
den (MSB). Plants originated from either pure stands collected under permit (S. alata in LA, S.
minor in GA, and S. purpurea in NJ) or from a commercial nursery specializing in carnivorous
plants (Lee’s Botanical Gardens, LaBelle, FL. S. flava, S. rubra). Clean tooth picks were used to
scrape pollen from the umbraculum of flowers that had been enclosed by fine mesh bags to pre-
vent entry by insect pollinators. Pollen was then transferred onto a thin film of silicon grease
smeared on a glass slide. Pollen slides were flooded with Calberla stain (5.0 ml glycerol, 10 mi
95% ethanol, 15 ml distilled water, 2 drops of saturated, aqueous solution of basic fuchsin) fol-
lowed by application of a cover slip prior to microscopic examination. This stain rehydrates
pollen grains and reacts with sporopollenin to turn grains red for easier viewing under the micro-
scope. Pollen was visualized using an Olympus BX60 fluorescent microscope equipped for dif-
ferential interference contrast (DIC) microscopy. Images were captured with The Spot'™
Advanced CCD (Diagnostic Instruments. Inc, Sterling Heights, MI) and processed using The
Spot Advanced (Version 4.0.2.0) software calibrated to the objective lenses. Pollen was mea-
sured in polar and equatorial surface view
and data then analyzed by ANOVA (SPSS,
SPSS, Inc.. Chicago, IL).

Results

Pollen morphometrics based on polar and
equatorial views (see Figure 1) of the species
of Sarracenia studied are presented in Table
1 along with comparison data on size ranges
reported previously (Thanikaimoni &
Vasanthy 1972). Species examined include
S. alata, S. flava, S. minor, S. purpurea and S.  Figure 1: Representative photomicrograph
rubra. Based on morphometrics, S. flava is  of the pollen of Sarracenia alata following
shown to be distinct from the other species treatment with Calberla stain (100x). The
which form a separate group. Normality and  arrow head depicts a pollen grain in polar
independence were verified prior to statistical ~ view while the grain to its right is aligned in
analysis. Histo-gram and box-plots show the equatorial view.
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dependent variables to be roughly normally distributed in all groups. Independence is verified in
the methodology and is not a concern tor this type of research. A possible problem arises with
the homogeneity of variances assumption due to the fact that the sample sizes are distinctly
unequal for both the polar and equatorial measurement dependent variables. A Levene’s test for
equality of variances indicated no reason to believe this statistical analysis suffered from a vio-
lation of this assumption (see Table 2).

Post hoc analysis of power (sensitivity) indicated that the power of the ANOVA tests to pick
up true differences between means was 80% for equatorial measurements and 99% for polar
measurements.

Discussion

The pollen morphology of the Sarracenia species examined is 6-9 colporate in agreement
with Thanikaimoni & Vasanthy (1972). Polar and equatorial measurements in this study are all
within the range previously reported by them following acetolysis treatment of the pollen
(Thanikaimoni & Vasanthy 1972). Pollen treated with Wodehouse solution tends to be smaller
than pollen treated by acetolysis and our data, for polar measurements, supports this observation.
In equatorial view, the measurements obtained in this study fall within the Thanmkaimonm &
Vasanthy (1972) ranges for Wodehouse solution-treated pollen. Acetolysis treatment usually
damages the aperture membrane but the structure of the exine at the non-apertural region appears
clear. Wodehouse solution preserves the aperture membrane, symmetry and shape ot the pollen
grain. The exine appears superficially similar in all species examined and was not utilized in an
attempt to determine species relationships.

Violations of the normality assumption in ANOVA do not adversely affect the actual level of
significance observed. All the samples are roughly normal and the samples were large enough to
ensure accurate determination of significance. Due to the unequal group sizes in this study, the
Levene’s test was utilized to verify the homogeneity of variances assumption because of its
robustness and lack of sensitivity to non-normality of the sample data. The data sets met all the
requirements for using ANOVA.

S. alata S. flava S. minor S. purpurea S. rubra
Polar 23592+ 0.72 | 25680+ 112 | 23400+ 1.02 | 23.512« 1.22 [ 24.084 £ 0.95
(mean = s.d.) | (n=27) (n=31) (n=18) (n=38) (n=19)
Polar 22.6-25.7 23.6-29.1 22.3-26.4 21.4-26.5 23.4-27.3
(range)
Equatorial 18.468 + 0.60 | 18.980+0.76 | 18,982+ 0.99 | 18430+ 0.76 |18.432+0.76
(mean + s.d.) | (n=18) (n=14) (n=15) (n=19) (n=19)
Equatorial 18.2-20.4 18.0-21.0 18.2-21.2 17.5-20.2 17.6-20.5
(range)
Polar® 16-20 13-24 16-22 16-19 17-22
(range)
Equatorial® 17-23 15-23 14-20 19-22 13-21
(range)
Polard 19-27 20-27 16-24 18-27 18-25
(range)
Equamria]d 15-26 15-25 14-21 16-29 16-24
(range)

Rl

abMeans with the same superscript “a” are not significantly different based upon ANOVA.
CResults as reported in Thanikaimoni & Vasanthy (1972) using Wodehouse staining method.
dResults as reported in Thanikaimoni & Vasanthy (1972) using acetolysis staining method.

Table 1: Morphometrics of Sarracenia pollen grains ().
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F Df1 Df2 Sig.

=

Equatorial 1.612 72 0.180
Polar 1.607 4 72 0.182

aDesign: Intercept + Grp

Table 2: Levene’s test of equality of error variances?. This tests the null hypothesis that
the error variance of the dependent variable is equal across groups.

Post hoc estimates of power provide legitimate information in exploratory settings where an
a priori estimate is not feasible. Power is strongly influenced by the level of significance, sam-
ple size and effect size. No universal rule for adequate power is available, but power of 80% or
greater is sufficient for most research settings.

For analysis of equatorial values, with an average group size of 15.4, power of approximate-
ly 80% was determined. For the polar data. with an average group size of 26.6, power of 99%
was determined, which is extremely strong. These post hoc estimates indicate that the power of
the ANOVA tests to pick up true differences was sufficient for the equatorial data and immense
for the polar data.

The separation of S. flava from the other species examined in this study is inconsistent with
the results from other investigations. Interestingly, similarly to our own result, Bayer ez al. (1996)
had one species of Sarracenia (S. alata) as a sister group to a clade containing all the other
species his group examined based on rbeL and ITS sequences. Sarracenia flava was found to be
aligned with S. alata. S. leucophylla, S. purpurea, S. psittacina, and S. rubra by Freudenstein &
Case (2002) based upon plastid DNA analysis. and in a later study utilizing nuclear DNA with
just S. oreophila (Freudenstein er al. 2004). 1t was hoped these inconsistencies in species rela-
tionships could be addressed by utilizing pollen measurements, but we were unable to provide a
precise means of distinguishing between all the species examined in this study by comparison of
polar and equatorial dimensions. Unfortunately, the lack of resolution of relationships among
Sarracenia species based upon pollen morphometrics excludes this technique as a way of eluci-
dating their confounding taxonomy.
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